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METHOD OF MANUFACTURING 
A NITROGEN-BASED SEMICONDUCTOR SUBSTRATE AND 
A SEMICONDUCTOR ELEMENT BY USING THE SAME 



Background of the Invention: 

This invention relates to a method of manufacturing a nitrogen- 
based semiconductor layer which serves as a nitrogen-based 
semiconductor substrate used for manufacturing a semiconductor laser, 
a light emitting diode, or the like. 

Conventionally, it is known that, among such nitrogen-based 
semiconductors, gallium nitride (GaN) is of a direct transition type and 
has a wide forbidden band- width, such as 3.4 eV. In this connect™, 
the nitride has been often used as a material of a blue color light emMmg 
device. 

Herein such a light emitting device is manufactured by the use of 
an epitaxial growth technique. In this connection, it is preferable that a 
substrate is formed by a substance of a bulk crystal that is the same as 

an epitaxial layer. 

However, it is very difficult to manufacture a bulk crystal of GaN 
because a dissociation pressure of nitrogen is high in a crystal of the 
GaN. In other words, a single crystal substrate of GaN can not be 
obtained, which makes it difficult to manufacture an device structure by 
executing epitaxial growth on the single crystal substrate of GaN. 

Under the circumstances, a light emitting device structure is 
manufactured by preparing a substrate, such as sapphire (Al 2 0 3 ), silicon 
(Si), silicon carbide (SiC), zinc oxide (ZnO) which may be called a 
hetero-substrate and by epitaxially growing a nitrogen-based 



[ L_ 



i 



semiconductor on the substrate. Practically, the hetero-substrate is 
different from the nitrogen-based semiconductor in physical properties 
and chemical properties, such as a lattice constant, a thermal expansion 
coefficient. 

Herein, it is assumed that a semiconductor laser is manufactured 
as the light emitting device by using the above-mentioned technique. 
In general, the semiconductor laser has a cavity formed by a pair of 
mirrors opposite to and distant from each other. Such mirrors are 
provided by cleavage planes over a substrate and a laser device 
structure on the assumption that the cleavage planes are identical with 
each other on the substrate and the laser device structure. 

However, the cleavage plane of the epitaxial growth layer is 
usually different from that of the hetero-substrate. For example, let the 
' sapphire be used as the hetero-substrate of the nitrogen-based 
semiconductor laser. In this event, the cleavage plane of the epitaxial 
layer is given by a (1-100) plane (M plane) and is practically different 
from the cleavage plane (M plane) of the sapphire by 30° . This 
practically makes it difficult to form the mirror surfaces for the cavity by 
the use of a cleavage technique. 

Therefore, reactive ion etching (RIE) should be inevitably 
executed so as to form the mirror surfaces of the cavity in the nitrogen- 
based semiconductor structure on the hetero-substrate. However, it is 
difficult to obtain the cavity surfaces of an excellent flatness by forming 
the mirror surfaces of the cavity by using the reactive ion etching. 

In addition, a semiconductor laser device usually has contact 
electrodes formed on a surface of an epitaxial growth layer and a back 
surface of a substrate. In the nitrogen-based semiconductor laser 
device that has a non-conductive substrate, any contact electrode can 
not be formed on a back surface of a non-conductive substrate, such as 
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sapphire substrate. In order to form the contact electrode, reactive .on 
etching should be conducted like formation of the mirror surfaces until a 
contact layer deposited on the non-conductive substrate is exposed. 

Herein, consideration may be made about attaching a contact 
electrode to a back surface of the nitrogen-based semiconductor layer 
by removing the hetero-substrate. It is to be noted that a nitrogen- 
based substrate (for example, GaN) should be deposited to a thickness 
of about 50 u m or more in order to sufficiently withstand a polishing 
process and any other processes. However, attention should be 
directed to a large difference of the thermal expansion coefficients 
between the sapphire and the nitrogen-based semiconductor substrate. 
For example, the nitrogen-based semiconductor substrate (GaN) and 
the sapphire have the thermal expansion coefficients of 5.59 x 10" e /K 
and 7.5 x 1 0" 6 /K along a c-axis and an a-axis, respectively. When the 
grown GaN layer is cooled to a room temperature, a warp or bend of a 
convex shape appears on the GaN layer. This is similar when a 
nitrogen-based semiconductor device structure is grown on the sapphire. 
At any rate, the sapphire also warps bend along with the GaN layer or 
the nitrogen-based semiconductor device structure. 

Herein, it is pointed out that uniformly polishing the warped 
sapphire encounters a difficulty. In addition, it happens that cracks 
tend to take place in the nitrogen-based semiconductor layer and 
semiconductor device structure grown on the sapphire. This is 
because the sapphire becomes thin during the polishing and, as a result, 
a radius curvature for the warp of the sapphire is varied with time. 

Summary of the Invention: 

It is an object of this invention to provide a method of leaving a 
nitrogen-based semiconductor layer as a nitrogen-based substrate 



which sen/es to deposit an epitaxial layer thereon to manufacture a 
nitrogen-based semiconductor device structure. 

It is another object of this invention to provide a method of the type 
described, which is helpful to remove a hetero-substrate from the 
nitrogen-based semiconductor layer without any influence to the 
nitrogen-based semiconductor layer. 

It is still another object of this invention to provide a method of 
manufacturing a nitrogen-based semiconductor device by using the 
nitrogen-based semiconductor substrate left in the above-ment.oned 
method. 

According to this invention, a method is for use in manufacture a 
nitrogen-based semiconductor layer. The method comprises the steps 
of growing the nitrogen-based semiconductor layer on a fundamental or 
provisional substrate which forms a hetero-junction with the n.trogen- 
based semiconductor layer and etching out the provisional substrate by 
the use of an etchant for the provisional substrate to leave only the 
nitrogen-based semiconductor layer as a nitrogen-based semiconductor 
substrate. The method may further comprises, before the etchin 9 step, 
the step of covering the nitrogen-based semiconductor layer w,th a 
protection layer against the etchant. In this event, the etching step ,s 
carried out with the nitrogen-based semiconductor layer covered w,th 
the protection layer to et<* out the provisional substrate and to thereby 
leave the nitrogen-based semiconductor layer and the protection layer. 

The nitrogen-based semiconductor layer may be shaped into a 
nitrogen-based semiconductor device structure to form a nitrogen-based 

semiconductor device. 

Alternatively, the method further may comprise the step of 
processing the nitrogen-based semiconductor substrate into a nitrogen- 
based semiconductor device after the provisional substrate is etched 



out. 

At any rate, the provisional substrate may be. for example, a 
sapphire substrate while the etchant may be formed by a mixed solution 
of phosphoric acid and sulfuric acid or another mixed solution including 
the phosphoric acid and the sulfuric acid. In addition, the protects 
,ayer is formed by at least one material selected from a group consisting 
of Au Pt, Ti-Au. Pd-Au, Ni-Au, Ti-Pt-Au, AuZn, and AuGe. 

Moreover, the nitrogen-based semiconductor layer may .nclude 
either .n,Ga, x N(0^ x^ 1) or Al x Ga,. x N <p* x Alternatively the 

nitrogen-based semiconductor layer includes at least two components 
selectedfromagrou P consistingofln x Ga Vx N(0^ x£ 1), Al x Ga Vx N (0* 
x ^D.andAU^Ga^NCO^ x+y^ D- 

Brief Description of the Drawing: 

Fig. 1 is a sectional view of a conventional nitrogen-based 

semiconductor laser device; 

Figs. 2A. 2B, 2C. and 2D show a schematic views for use in 
describing successive processes of a method according to a first 
embodiment of this invention; 

Fig 3 shows a graph for use in describing a relationship between 
an etching rate and a ratio of sulfuric acid /phosphoric acid included ,n 
an etchant; 

Fig. 4 shows a graphical representation for use in descr.b.ng a 
relationship between an etching temperature and an etching rate; 

Figs 5A 5B, and 5C show schematic views for use in describing 
successive processes of a method according to a second embodiment 

of this invention; 

Figs. 6A, 6B. and 6C show similar views for use in describing a 
method according to a third embodiment of this invention. 



Description of the Preferred Embodiments: 
Referring to Fig. 1 . description wi,l be a. first d.rected to a 
«JS- leased semiconductor *-^- m-1Bll 
manufactured by a metalorganic vapor phase ep,ta* MO VE me 
and which is substantiaiiy ecuivalent to that referenced he pre 
ofth einstantspe*a,io, ^'%Si£X«* 
sapP hire substrate 61 which - a ^ ^ ^ 
serves as a provisional substrate. On the surra 
substf ate 51 an undoped nitrogen gallium (GaN) is deposited as a 

successively deposited on the buffer .ayer 52 ar an n type 
thick doped with S«. Furthermore, mu i ti .nuantum well 

^£ytl o a p-ty P e AI„Ga.,N iayer 58 o, 20nm thieved 

p-type «. .Gao.N Cad layer 60 of 0.4 u m doped w,th Mg, and P tyP 
GaN contact layer 61 of 0.5 u m thick doped with Mg 

On the p-type GaN contact layer 61 and the n-type GaN contact 
lay er53, are deposited a p-,ype electrode 62 of Ni-Au and an n-«ype 
electrode 63 of Ti-AI, respectively. 

The conventional nitrogen-based semiconductor !aser dev,ce cr 
device illustrated in Fig. 1 has shortcomings as mentioned ,n the 
preamble of the instant specification. 
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Referring to Figs. 2A.o 2D, description will be made about a 
m e,hod accord to an embodiment of this — , «*- 
example, it is assumed that a sapphire substrate 11 . used as a 
provisional substrate to deposit or epitaxially grow a nitrogen-based 
emiconductor layer and to provide a neterostructure between h 
sapphire substrate 11 and the nitrogen-based sem.conductor layer. 
this connection, the sapphire substrate 11 may be referred to as a 

heterosubstrate. 

,„ addition, the sapphire substrate 1! is finally removed from t e 
nitroge n-based semiconductor layer by the use of an etchant, name 
an etching solution, as will become clear later in detail. As an eti»ant 
for etching a sapphire, LA — » - - 
Res & Technol. 17, 1982. 3, pages 365 to 371, a mrxed 
of phosphoric acid (86%) and sulfuric acid (95%) that is heated 
According to this report, description has been directed to an etc ,r, g rate 
of the mixed solution mentioned above but no consideration has been 
mad e at all about an influence of the mixed solution on any other 
material deposited on the sapphire. 

From mis report, it is difficult to consider or anticipate an mfluence 
of the mixed solution on a nitrogen-based semiconductor layer (for 
example, GaN) epitaxially grown on a sapphire substrate. 

Under the circumstances, the inventors' expenmental stud.es have 
been focused on an etchant which can dissolve a sapphire substrate. 
As a result, a mixed solution of phosphoric acid and sulfuric aad has 
been selected as me etchant like in the above-mentioned report and has 

onn-r However it has been found out 
been raised to a temperature of 300 C However, 

th at the above-mentioned etchant kept at the temperature of 300 C ha 
ten hours so as to etch out and remove the sapphire substrate of 300 „ 
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^Furthermore the inventors' experiments have been made in a 
, m jrr ,o as to invests an i.uence ot the mixed — on 
a GaN >ayer selected as a nitrogen-based semiconductor layer In 
consecuence it has been found out that the GaN layer is etched a. an 
2Z^ M ^< by the mixed — keptata 

tPrrmeratureof300 e C or more. 

' bse q uent,y, the resets have been done in a relationship 
bet ween a ratio of phosphoric acid to sulfuric acid in the m,xed so u, 
and an etching rate („ nVhour) of the sapphire substrate. To , thsend 
etching experiments of the sapphire substrate have been conducted by 
a Lent o, sulfuric acid to a content of phosphonc acd ,n the 
mixed solution, with a temperature kept unchanged. 

The sapphire substrate has been previously measured m 
thickness before the etching experiments and has been thereafter 
led for a predetermined time by the use of the m«ed solutron of 
Isphoric acid and sulfuric acid. After the etching, a difference of 
h ess has been measured between the sapphire substrate pnor 
e etching and the etched sapphire substrate and the etch.ng ra e 
m/h0U r, has been calculated from the difference of tnrckness. In th,s 

335-C while the ratio of sulfuric acid to phosphoric add m . e etohan 
hasb eenvariedwithinarangeof1:0.5to3. At—r^-^ 
condenser has been used during the etching so as to prevent amounts 
of phosphoric acid and sulfuric acid from being reduced due to 
va orization and to avoid a variation of concentration. Moreover, 
moisture content has been thoroughly vaporized from the m,xe so,u »n 
I phosphoric acid and suifuric acid and thereafter the etching has been 
conducted. 



Temporarily referring to Fig. 3. illustration is made of a re,a.ionsh,p 
between the etching rate and the ratio of sulfuric acid to the phosphoric 
a cid both of which are taRen along the ordinate and the abscssa of Fa 
3 respectively. As illustrated in Fig. 3, the solution or etchan. ,s kept 
the temperature of 335'C while the ratio of sulfuric acid to phosphonc 
acid is varied within a range between 1 and 3. In consequence>e 
sapphire substrate is etched at the etching rate of about 80 u m/hcu r. 

in addition, it has been confirmed according to the expenments 
m the mixed soiution can be stably kept at a desired 
removing the moisture content from the mixed solution, wh.ch makes 
p0 ssib,e to etch the sapphire substrate at a constant etching rate and to 
thus make an etching amount proportional to an etching time. 

Next the other experiments have been conducted about a 
nation o, the etching rates o, the sapphire substrate and the ni,™gen- 
based semiconductor by varying a temperature of the m«ed *J 
the phosphoric acid and the sulfuric acid. Specify, the ratio o the 
p h o pnoric acid and the sulfuric acid in the mixed solution was kept 1 . 
2 and the temperature of the mixed solution was varied with.n a 
between 241TC and 36<TC . In the experiments, use was made of the 
sapphire substrates on which GaN was epitaxially grown. 

Referring to Fig. 4, illustrated is a relationship between a 
temperature (namely, etching temperature) of a m«ed solution and 

LgLabsdssaandtheordinateofFiM.respectivel, Asshown.n 
Fig 4, each etching rate of GaN and the sapphire substrate ,s mcreased 
as the etching temperature of the mixed solution rises up. In add, on, 
the etching rate of GaN is slow in comparison with tha, of the sapphire 
substrate. Accordingly, it has been found out in connection wrth the 
sapphi re substrate with the nitrogen-based semiconductor layer or 
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- ^ L Id — not on, the 

Herein. ,t a to be note I in . p Rg 4 

sapphire substrate but also « GaN layer is 

roughened unevenly. Tak, g s nitrogen . ba sed 
a protection «m is deposited b , mg rougtle ned. 

semiconductor layer so as to ^ * " nlt(og en-based 

SemiC °T ^ re",- the etching rate is raised up by 
the sapph.re substrate me niuogen . 

ceasing the etching affected by the mix ed solution, 

based semiconductor • not Aversely ^ 
ln other words, it is possible to ^ ^ by oovering the GaN 
between the sapphire substrate and the GaN lay 
laye , with the protection film. nitrog en-based 
Herein. *e protect.cn fflm deposed o 

property and more preferably may n* «*^ protedion 
based semiconductor during depose and remo 

fllm ' . unmade about a first embodiment of this 

Now, description will be made aD° 

invention. 

[First Embodiment] 2D , de6cri p 8 on will be made 

, his method, a n,trogen-base sem ^ a 

providing a structure composed of a sapph. 
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■ h Hor thick film grown on the sapphire substrate and by 
based sem.conduc or « «rn S ^ gn etching 

, n Fi , 2A , the sapphire substrate ms of 

300 « m. On the sapphire substrate 11 

bv 10 degrees from a direction of [11 -201 GaN 

The masks 13 and the growth regions 14 serve P 
^Uhigh^tv.aswiUbecome.earas.edes.pt.on 

Subsequent, PaNfi , m15 The GaN film 15 is 

^posited to a thickness of 50 , m by ^ ^ j$ 

pniiaxv (HVPE) technique of a chlonae va. v 

S P e**, the GaN *, 1 5 is epitaxial, grown , o he con 

orowth temperature is kept at a temperature of 1000 C an 
growtntemp of40 cc/minute and 

-»«"•■• -Tit.— -»::,-» 

According to this method, it has oeen u 
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M " 1 - ana a protection flim 17 is 

200nm on the surface oTuns + film 17 is 

, (ho 9in film 16 The illustrate protection film 17 is 
formed on the Si0 2 turn io. «? . Q 4 

j of a titanium (TO f'lm of 50nm thick and a gold (Au) film u 
Tth I A~slln of the protection ,m 17. a heat treatment is 

atmosphere. ^ condenser and a 

Next provision is made of a beaKer wnn o 

««. -»« 

protection film 1 7 are anau re saophire 

„ h».p 1 1 is etched in the mixed solution or etchant. The sappni 
substrate 1 1 is etcnea in me ^ 

« ,i«trate 1 1 of 300 u m thick is completely dissolve 

nlr 230 minutes When such etching is continued, the GaN 

c ; : ; 2 ,r: is i , - - . ^ - - «. ~ 

ff r,e sapphire substrate 11 are also ^etched as s = n F , 
2C As a result, the GaN thick film 15, the SO, ^ ^ and 
protection film 17 alone are left un-etched. 

Thereafter, the protection film 17 on the S,0 2 film 6 is etche y 
mix ed solution o, nitric acid and hydrochloric acid and the S O m 6 
I elr removed by hydrofluoric acid to leave the GaN thic >m 1 5 
^.asshowninFig.aD. The GaN thick film 1 5 serves as a 
nitrogen-based semiconductor substrate. 
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etchant of the sapphire substrate n. rface . T heGaN 

sapphire substrate. damage , hat mlght 

nitrogen-based serraconductor th.ck film « ^ 
occur on the nitrogen-based semiconductor th.ck film 

P0 ' iSh ' n9 ' * , u Si naasthethickf,lmsubstrate,theGaNthickfilm 

Igen-based semiconductor structure which « exceilent ,n 
"tbove— nede*amp,e,thesapphiresubs,rate11ha 5 

. f300 an . However, the sapphire substrate can 
tne th,cknessof300«m. Ho ' n , hickness 0 f the 

„ ~ • »-« -r.™. -« 

inclined from the c-plane. 
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♦ h-na has been conducted in the above-mentioned 
Although the etching has been jc acid and sulfuric 

* «h A miv^d solution of phospnoni, « 
example by me use of me m,x < so ^ ^ be 

add kept a. the temperature of 335 C ^ temperature 

(estri c,ed to the mixed ^"^^ even ■„ the temperature 
of an etchant is preferably no. lower than 300 C 

of the etchant is chanoM as underwood rom . ^ ^ ^ ^ ^ 

As thV° tec6on fflm 35 of ,he , . hick in the example. 

However, me pro^o" - 3^m ^ ^ and 

„ may no. be placed on the GaN «tt * > * ^ ^ 

flm 35. ,s used P. T -P. Au, ^ ^ ^ 35 may ta 

^above-men^^^^ 
3a N .hicK fl ,m3 5a redep : ,^ 

Al Jti,ea w N (0 Sx+y- D added t0 eac h layer or 

event, an impurity of an n-type or a p-type may b 

V 

film. 

lS 7 n d ^pgTsMhrough 5C. desc ri p«on will be made about a 
" d 9 a to setl embodiment o, this invention. In the 

me ,hod accords to a se ond ctof device is 

second embodiment, a n,trogen-based sem 
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b ased semiconductor thick film deposed on . e sapP 

film and by carrying out epitaxial grown, y 

semiconductor thick film as a substrate , 

Sp e« a sapphire substrate 1^ J^^^ 
substrate in the second embodiment and 

buffer 

a surface of (OOOt) plane. On the sapphire sub ar ate 3 1 
, ayer 32 is deposited to a thickness of about 1 u m by the 
"ir— 'l2;,lis f ormedon,heOa N bu«er,ayer 32 

, l et bed by phonography and wet etching and 
and is selectively etched by pn ^ ^ a 

stripe shape in a direction depicted by 11 C * by 

the use of vapor phase epitaxy (VP ) ^ ^ 

using gallium chloride as a group ill raw mater ^ ^ ^ 

result, the masks 33 are emoea ft ^ GaN thick film 

— — G3N ** ^ t means that the 

35 is deposited to a thicKness f abou 50 , ^ ^ ^ 

se ,ec,iveformationofthe masks 

t0 pr0 vide an excellent ^ ^ ^ of the mas ks 33 
lateral growth is promoted due to the selective 



protection layer 30 may be formed on a S,0, film (n 
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i _r — ji film of about 50nm 
not thinner than 50 nm and « * ■ of , he 

Next, the sapphire substrate 31 is etched y 

is continued to etch the GaN film 32 he S n 
of the GaN thicK film 35 adjacent to the m Ks^. ^ 
fflm 30 o, Ti-Au „ removed by an ^ ^ ^ (he si02 

concentrated hydrochiorio add and «one-««- ^ 
„oHhv/HF( hydrofluoric acid), mus.auy 

f , lm 33 ,s remo ed by HF ( hy ^ ^ ^ 

the GaN thick film 35 (Fig. so) » u 

substrate. hased semiconductor laser structure is 

Thereafter, a nitrogen-based sem minis event, 

optical guide layer 38, is depos rf an 

ln 0OS Ga M5 N barrier layer of nm 0 ^ ^ ^ ^ 
successively deposed a p-type AWGa„N V ^ 

the p , ype GaN contact layer 43, is m Wc , Finally , 

wh ich is composed of Pd of 50nm th,ck and Au 0.3 
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^ r « ^ * usin9 a sapphire 

ormel ,e. ^^^^^flom*.**"* 

subst rate wh.ch has a surface u y ( may ^ be 

Uta the first embedment, the «econ 
re stricte d to the above—, protect - 37^ ^ ^ 

thev are rep,ace d of them . in this 

AUn,Ga,., y N(0 fix + yS 1) °' ^ ay be adde d to each layer or 
event, an impurity ofann-type or a p-type may 



film. 
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, ii ^DDhire substrate 31 , the masks 
, n t ne illustrated -.pie, all the s P - ^ ^ 

* - ,he ^ri:^ ^ i - - - — » 

solution. However, the sapphire 

growth reg.ons 34 may b. e rf ^ nitrogen . 

. portion of the GaN ** 35. The ^ ^ ^ 

based semiconductor ,ayer, such a e GaN ^ 
ground to be flattened after removal of the sapph 

T B trlv — 6C. description will be made about a 

method accoramy device is 

subs trate by an etchant. ^ ^ ^ , of 

More specie*, a apph ^ a 

substrate and a GaN film 32 * depo ^ ^ ^ ^ a 

silicon dioxide (S.OJ turn wm h 

re gions34. ^T^^J^^^-P.-I- 

stripe conf,gurat.ons. Eachstnpe q( 

0, 01 . Thereafter, the GaN thicK *n 36 - ^ chloride 
300 u m by the use o, Vapor ^ (N H3), 
tran spor« method using hydrogen exampte , 

and hydrogen (HJ. as illustrated m F» 6A ; ^ 
theG aNthickf.lm35isdopedasan,mpur.t y v,thS,an 
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• nnf me sapphire substrate 31 

andtheGaNttuckWrnSSassn 

neterostructure block. slructure „ formed on 

Next, a nitrogen-based sem condu^ ^ ^ ^ b , ock 

, u stra,ed in Fi 9 . 6A is heated* a e.pe, GaN layer 36 

on „ m «doped*S i .an^« « ayer38of0 , u 

m «* doped with Si. On m we „ sWurt ure ma, has a 

deposited an active layer 39 of a mult, a. quamum 
pelt o, three and that is J*^^* b arrier ,ayer - 
we il layer of 2.5nm ** «* ^ ively deposited a p- 

tyP e AI„,Ga M N tayer 40 ^ Mg , . p-type AW*uN 

optica, guide layer 41 o, 0, « $ GaN ^act 
clad layer 42 o,0.4, m *,cKdoped- M 9 aNcontact 

50nm thicK and Au of 0.3 „ m »*_ n of (he p . type 

performed a. a temperature of 450 C aft P ^ ^.^ ^ 

,ectrode44. ™^ ^^^1*. 
m esa P ph,resuostrate31 

ca „ed a n«roge,based to protect the surface of the 

08 N film 43 on etching *e sappmr 

later. hased semiconductor laser structure is 

Subsequently, the n*rogen-base s m ^ (1) 

so aKedin,oane,chan,whichism«eda,ara.,o 
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4. the sapphire substrate 31 ■ * tc - c and the sapphire 

subs trate31 of^mthicMsthere - ^ the GaN film 32, the 

m asKs 33, and a port,on of the GaNth, ^ ^ ^ ^ 

*. etchant. In the grated -"^T^ (ne GaN b uffer layer 
t0 a thinness of 50 „ m from a bound -V ^ rf ^ GaN 

32 and the GaN thicK film * an , - ^ ^ ^ ^ on 
„** «m 35 is exposed. d rf Ti of 60nr n 

^«^-*X^i«••-- ,i,,,, * aC,, 

attained and is operable as a n,trog 

■ „ based semiconductor laser device manufactured 
In each nitrogen-based sem dthetnlr d 

— - ^ S ' m rr-s::ra-a g ecanbecausedto 

us ed as the substrate. TW*° As a result, the 

occur along the M-P^e of me GaN such as 
^mentioned 

reactive ion etching orthe we. nufac , ure the nitrogen- 

the above-mentioned methods enaWe m ^ ^ ^ 

bas ed semiconductor laser dev,ce ha ^ ^ ^ rf 

the sapphire substrate 31 ^^^^tne electrode. At 
any rate, this invention can s.mpl.fy *e proces 
Lge,based semiconductor laser dev,ce. 
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ln tne illustrated example, an the s p ^ ^ 
33. and the — * are - ■ ^ ^ 

solution to the thrckness of 50 „ m from ^ 

alone may be etched by the moced solut.0 

substrate removed. hj> . hus f „ been de soribed in conjunction 

Vs/hile this invention has thus far Deen o 
with a few embodiments thereof, it will be readily poss.ble for hose 

be etched by an etchant or an etching solution. 
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